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Summarx

From 1958 through 1973 esbestos-containing material was sed extensively
for fireproofing “iigh-rise office buildings. Earlier use of this material
for decorative and acoustical purposes dates from the mid-1930's. Concern
exists that these past uses of esbestos may lead to current contamination
of building air. This may occur either through damage or erosion of
acoustical spray materials or through erosion into building air supply
systems of agsbestos fibers from spray-lined plenum spaces in office build-
ings.

In order tc assess such possibilities, 116 samples of indoor and outdoor
air have been analyzed for asbestos. Nineteen buildings in five United

States cities were chosen to represent the various construction uses of

asbestoys-containing spray materials.

The results of this sampling und analysis demonstrate that significant
contamination can occur in the air supply systems of buildings in which
fibrous type-dry spray asbestos-containing fireproofing materials were
used. Moreover, erosion of similar materials appiied for decorative or
acoustical purposes was also found to occur. In contrast, no contamina-
tion was demonstrable in buildings in which cementitious spray material

had been used. The contam nation demonstrated here was manifest only
through analysis procedures using electron microscopy. Optical microscopic
analysis of building air was fourd to be inappropriate.

Because of possible health effects associated with such contamination of
public buildings, it is recommended that:

1) An inspection and monitoring system be developed that
will verify the integrity of asbestos spray materisl used
for acoustical or decorative purposes,

2) Periodic spot sampling and analysis of air in build-
ings using cementitious fireproofing material be made to
veri fy continued safety.

3) Additional sampling and analysis programs be under-
taken in buildings where fibrous spray fireproofing has
been used so as to define the full extent of the problem.

4) An effective and economically feasible filtration
system be developed for those buildings now sprayed with
such fibrous materials,

5) Procedures be developed for maintenance activities
that may be required inasbestos-sprayed spaces, and
6) Procedures be developed and specified for used in

those buildings in which asbestos is to be removed because
of unacceptable contamination.
7) The suitability of proposed EPA building demolition

procedures for buildings with extensive spray asbestos be
verified.

[



Introduction

A.

Developpent of Asbestos-Conteining Spray Insulation Materisls

Sprayed inorganic fiber insulation was introduced in 1932 wiih the Limpet
process, by the J.W, Roberts Company of Great Britain. Mr. N.L. Dolbey,
Director of Research for this company, is usually acknowledged as the
pioneer developer. British Railwey coach makers used the sprayed product
containing asbestos in their coaches to control condensation and noise;

it 2180 acted as a thermal insulating material. In 1935 the spray process
was firat used \n the Upited States. Most of the material applied during
the late 1930°'s was used for decorative finishes in night clubs, restau-
rants, hotels, etc.

When this material was found also to bu useful as a fireproofing agent,
such use gradually increased and in 1950 the Nstional Gypsum Company ob-
tained the Underwriters Laboratories' sapproval of its brand of spray in-
sulation for fireproofiug. In early 1951 the Asbestospray Company also
had an inorganic fiber blend tested and approved by the Underwriters Labo-
ratories. The first use of sprayed ‘mineral fiber' as a fireproofing
agent in a large multiple-story building occurred in 1958 with the erection
of the sixty-story Chase Manhattan Bank building in New York City. In
1970, well over half of all the large multistory buildings constructed in
this country made use of sprayed 'inorganic fiber: as a fireproofing
agent. (1) '

Mineral fiber materials containing asbestos bave four major insulation
uses in the coastruction and shipyard industries: l. fireproofing,

2. thermal insulation, 3. acoustical and decorative purposes, and 4.
condensation control. Fireproofing accounts for the largest amount of min-
eral fiber sprayed in the United Statos. Formerly, structural steel 1in
mult:story buildings had to be encased in concrete to prevent buckling in
the event of fire. The use of sprayed mineral fiber provides adequate fire
protection, reduces installation costs, and reduces the weight load upon
structural steel components.

Because the newly applied surface of sprayed mineral fiber carn be shaped,
the material not only provides good acoustical control but also can be
used for decorative ceiling and wall coatings for large areas in public
buildings, restaurants, and similar establishments.

Although the composition of the various spray products will vary with

the intended use and the individual manufacturer, certain general formu-
lations are similar. Most are termed "mineral fiber' materials, although
neturally occurring mineral fibers are usually in a minority, and man-made
organic fibers dominate,.

The material used for fireproofing in building construction usually is a
blem of 5 to 30% asbastos fiber (chrysotile), minersl wool, clay binders
(as bentonite), adhesivesa, synthetic resins, and other proprietary agents,.
such as oils. The material used for acoustical 2nd decorative purposes
may contain a greater percentage of mineral wool and little or no asbes-
tos fiber. 3Some materials are applied as a sprayed slurry (commonly
known as cementitious spray) and will often contain vermiculite, gypsum,
and shorter asbestos fibers. Because the cementitious material has a
much greater density and increased weight per unit area, the supporting
structure must b designea accordingly.



There are two principal methods of applying sprayed mineral fiber in
the dry methcd, dry material, including binders, is dumped from a paper
shipping bag into a large hopper, where the material is agitated and
subsequently blown into a 2- or 4-inch hose. The hose conveys the dry
material to a nozzle at the actual site of application. As the dry
material leaves the nozzle, it passes through the focus of a ring of fine
water jets. Mixing takes place at this focal point, which is usually

4 to 8 inches from the end of the nozzle, The operator is able to con-
trol the air, material, and water mix, with valves at the nozzle. This
produces a fibrous matrix held to the steel by the water-activated
binders .

The wet method differs ir that the material is premixed with water in
the hopper, and the resu. ng slurry is pumped to the nozzle and sprayed
upon the surface to be coaited. The nozzle used is similar to that used
to apply plaster. The Portland cement and gypsum present in the cemen-
titious wet mix provide a bond to building steelwork. Of the two Appli-
cation procedures, the surface produced by the cementitious procedure is
significantly less friable.

Extent of Use of Asbestos Spray Insulation

The quantity of mineral fiber used for spray applications in the United
States increised steadily from 1958 through 1970. Spray industry

sources 3) estimated that 40,000 tons of material were used for fire-
proofing alone in 1968. In 1969 and 1970, a survey of asbestos emissioas
in New York City was accompanied by a survey of buildings under construc-
ticn using spray fireproofing material (see Appendix 1). These major
office buildings in Manhattan used, over a two-year period, in excess of
2,000 tons of spray fireproofing material, estimated to contain approxi-
mately 700 tons of asbestos. Smaller buildings and comstruction in other
boroughs would use perhaps an equal amount of ashbestos material.

The majority of the spray fireproofing material applied in New York City
was of the fibrous, dry sprayed, type. This also found extensive use in
other eastern metropolitan areas. In contrast, on the west coast, cemen-
titious type material dominated, while in the central portions of the
country, ® mix of the two occurred. Considering the use in different
areas, it is estimated that approximately equal amounts of asbestos were
applied by the two methods.

The extent of use nof asbestos for decorative purposes is difficult to es-
timate. It is applied extensively in the dry fibrous form on ceilings

and walls of auditoriums, night clubs, restaurants and many public build-
ings. Additionally, asbestos is commonly added to paints which are spray-
ed in apartment and office buildings to provide a textured surface. The
extent of this use of asbestos is unknown. It apparently continues even
today, in violation of the prohibition of sprayed asbestos containing
materials. .

Purpose of the Present Study

At the time this study was initiated, sScant information existed on poss:-
ble air contamination in public buildings from the past applications of
asbestos containing fireproofing. To provide such information, 8 sampling
and analysis program was initiated to determine the asbestos air concentra-
tion 1in a variety of buildings in five major U. S. cities. Through a



comparison of the concentration:s of asbestus messur«d within bulldings to
those measured 1n the ambient Air, it would be possinl2 vo determine 1f
erosion of asbestos from spray ?i:eproofing occurred Mnreover, the mag-
nitude of the azbestos concentretions would be useful in the sssessment
O0f potential hoalth effects from sucnh contswmination.

Samgling Pro‘r.m

A. ldentification and Selection of Buildings

Surveys vere undertaken in New York City, in Chicago and in the San
Francisco area to select buildings appropriate for this study. Addition-
ally, arrangements were made through the regionsl office of the Environ-
mental Protection Agency in Bcston to sample the JFK Building in that city.
In each of the three other sroas, cooperation of local officials was ob-
tained and the building selection program wae accomplished by these local
groups .

1.

2.

New York Caity

For logistical reasons, and because of its size, the greatest number
of buildings selected for sampling were in New York City. Here, the
cooperation of the Department of Air Resources was of paramount im-
portance. The New York City effort was under the direction of Harold
Romer, Consultant to the Commissioner of Air Resources. From Building
Depar?! nent records, sprey asbestos industry sources and architectural
firms, over 40 buildings in New York City were identified in which
asbestos containing spray fireproofing was used within the air =supply
system or as acoustical covering. in various rcoms.

A questionnaire was developed to identify use of asbestos within these
buildings (Appendix 2}. The questionnaire was sent to the building
manager of each of the identified buildings. This produced only a
limited response end personal follow-up calls on each building mana-
ger were undertaken. These initial interviews obtained information
about the type of air supply sgystem used in tue building and the use
of asbestos fireproofing or acoustic material. (ften, however, spe-
cific information on the brand of asbestos spray which had been used and
the brand of sealant, 1f any, which had been used to coat the asbestos
spray material could not be cbtained. The interviews concluded with

a tour through the equipment rooms which housed the fans for the
ventilation and the air filtration systems. [n all, ten builcdings
were selected for sampling.

Chicago ’

With the cooperation of the Department of Health (Dr. Murray Brown)
and the Buildings Department (Mr. John Connelly), two buildings were
selected in Chicago &nd a visit maje to determine the suitability for
sampling.

San Francisco - Berceley

Building selection in the San Francisco area was made by the sub-
contractor, the Air and Industrial Hygiene lLaboratory of the State
Department of Health. Here, in order to provide a balance to the

type of buildings sampled, specific emphasis was placed on selecting
butldings in which cementitious fireproofing material had been used.

Six buildings were selected, including one building that had ro as-
bestos used in its construction. The buildings sempled were constructed
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4. §E‘11 Plenum and Intake Air

The return air fan exhausts into a spil]l plenum. Depending on the
temperature of the ocutside air and the building return sir, the re-
turned air may be entirely spillied to the outside, or may be recir-
culated to some degree. (E£ae Damper Controls, below.)

The air to be recirculated passes through the recirculstion dampers
and mixes with fresh air which has been drawn through the intake damp-
ers. The intake air is sometimes pre~filtered with cosrse fiberglass
filters wh.ch are typically 34''x24'x2" The mixed air is then drawn
through the filter bank, which consists of multi-pocketed bags made
of fiberglass or other fibrous materials.

5. Damper Controls

Three sets of danpers control the degree of recirculation and the a-
mount of fresh eir which is taken in. At the 100% outside air intake
condition, all the returned air is spilled through the fully open
spill dampers. In addition, the recirculation dampers are completely
closed, and the intake dampers are completely open.

At the condjition of minimum outg?do air intake, which occurs when the
outside temperature is below 30 F, the spill dampers are selectively
closed down so that only a few remain open to allow & minimux of the
returned air to spill out of the return air plenum. In addition, the
recirculation dempers are opened completely, and the intake dampers
are closed down except for the minimum number which are mandated by
the building code to remain open. This minimum is in the order of
20% fresh air intake at all times.

For conditions between 100% outside sir intake and minimum outside
air intake, the various dampers are modulated to permit some per-
centage of returned air to be spilled and.for the rest to be mixed
with the intake air and recirculated.

Buildings Sampled !

The air in 19 buildings in the five cities was sampled. The buildings,
and their type and use of asbestos, are shown in Table 1. The ratio be-

tween cementitious and fibrous type spray reflects the reported national use of

these types of materialdd Office buildings were the dominant type of
structure sampled because of the preponderance of fireproofing material
used in these structures and because of the number of people potentially
exposed. Little spray fireproofing was used on apartment buildings.
Additionally, & representative number of decorative and acoustic insula-
tion ures of asbestos were sampled. The construction periods of the
buildings ranged from 1958 through 1974, thus providing s representative
sample of the effects of time on the possible erosion of asbestos.

The cities selected for sampling were chosen because of their importance
a: centers of construction activity and for travel convenience. Roughly
10% of all high-rise construction in the United States is in New York
City. Chicago is also of obvious importance. San Prancisciv, while
having less construction activity than other major cities, provided a
source of buildings with cementitious fireproofing (while New York pro-
vided an extensive source of buildings with fibrous spray fireproofing) .,
Additionslly, because of travel convenience, New York was the most
extensively sampled. Cementitions and fibrous spray fireproofing shared
equally in national usage. With t. s cities selected, we were able to
achieve the same distribution among the buildings sampled in the cities
selected.



Table 1

Buildings Sampled

Type of Spray Type of Building
Cementitious Fibrous Decorative Office Apartment Other
Acoustic
ons of :
ound
X X
h X X
X X
X X
X X
X X
X X
X X
s X X
X X
X X
X (v) X
s X X
X X
X X
X X
X X
X X
6 7 5 ‘13 1 4

no spray materials used)

ashestns spray was utilized in this building



D.

SunEIXng locations

Samples were usually collected in the following locations:

1. 1Inside a return a‘r fan chamber frequently located at the mid-building
level. (This return air was most recently in contact with the fibrous
apray material.)

4. An office whose air exhausts into the return air chamber and whose
air supply is obtained from the air intake system located in the
mid-building equipment room.

3. An outside roof or an air intake chamber before any mixing with
return air has taken place. This air is ultimately fed to the office.
The ambient air was usually sampled on the side of the building facing
the prevailing winds s0 that the exhaust air of the building itself
would not bte sampled.

4. A second office at an upper lewl of the building whose air supply
is derived from a supply system located in an upper equipment room.

Two consecutive days were set up with the bullding manager for the
actual sampling times. The sampling equipment at each station consisted
of:
a) a Millipore filter holder and filter,
b) a 10 liter per minute critical orifice in series with the filter, and
C) & vacuum pump.

In addition to the Millipore samples, small samples of the dirty air bag
filters were taken, along with samples of the asbestos fireproofing spray
material found in the ceiling plenums; also, samples of the acoustical
fiberglass covering, if any, in the fan chambers or elsewhere. In all,
116 samples were collected from the buildings and ambient air.

Sampling Procedures

The air samples were collected on Millipore brand merbrane filters, 47mm
diameter, 0.8um pore size, mounted in a Millipore filter holder equipped
with a 10 liter/min critical orifice at the vacuum end. The collecting
surface of the filter was fully e¢xposed to the air.

The filter holder was taped in a horizontal position (filter surface
vertical) two or three feet above the floor, to a desk top or a chair

leg so that no dust particles could fall directly on the filter surface.
The filter holder was connected by means of a rubber hose two or three
feet long to a vacuum pump which sat on the floor. Although the pumps
were equipped with silencers and filters at both inlet and discharge
ports, the pump noise was sufficiently high to be annoying to some office
workers. The noise could be reduced somewhat by attaching a two-foot
length of rubber hose to the discharge port.

The pumps were run for six to eight hours per sample, resultir~ in an
average air volume of from 3 to 4 nd per sample in New York, Bontonsnnd
Chicago. Twenty-four-hour samples, with an air volume of about 7 m
were collected in San Francisco.
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Results of Snlelo An.lx.ia

A.

Electron Iicroscogtc Analxlis

In the analyais of ambient air samples for asbestos, the presence of other
organic¢ and innrganic material presents significant problems. Typical
urban air my contain 100 ug/m3 of “suspended particulates.” Such mater-
ial is generally of respirsble size and may include 25 to 50% of inorgan-
ic matter. In contrast, typical urban asbestos concentrations range from
about 0.1 ng/m to perhaps 100 ng/m3. Thus, asbestos may constitute only
0.0001 to 0.1% of the particulate matter present in a given air sample.
Moreover, the asbestos found in the ambient air includes both micron-size
fiters and numerous individual fibrils having diameters of from 20 to

40 nm and lengths of perhaps 100 nm. In many cases these fibers and
fibrils may be agglomerated with a variety of other material present in
the air sample. These considerations preclude the possibility of quant-
itative analysis of such ambient air samples by light microscopy, bulk
spectroscopic techniques, or X-ray diffraction. The only effective
analysis method has required the dispersion of minersl material, either
by grinding or by ultrasonic disruption, and use of the electron micro-
scope.

Following submission to the Environmental Protection Agency in North
Carolina and coding, the 116 samples were analyzed using the technique
described in Appendix 3. The results are listed in Table 2, along with
a detailed description of the buildings, and a listing of the ssmpling
parameters. Table 3 summarizes the sampling results by building site.

For each sample at least one grid square from four separate .-+t:* ' grids
was scanned. On sbout ten samples, ususlly those with except: »: ally high
values, eight grid squares were scanned from two semple preparations.

In genersl, the scanning of additional squares yielded values approxi-
mating those originally obtained and the rosults were simply averaged.

On one sample (73-000-128) a large clump was found on one grid square that
yielded an extremely high mass value for the sample. Little was found

on the reanalysis and the second value was adopted. The large clump

was probably the result of contamination, as it would have been dispersed
had it been present on the original sample. .

The processing of blank filters with each set of four samples served to
monitor contamination and provide a measure of laboratory background.
These analyses indicated a background level of up to 10 ng existed,

and this value was subtracted from the total mass of each sample
tabulation. The variability in this background, however, could lead to
a variation of up to § ng/h3'in a given sample of the sets analyzed here.
As the background is independent of the volume of air sampled, those
samples with larger air volumes had the lower correction value.

Considerable variability exists in the air concentrations measured in the
various buildings. 3Avor-ge values found for the air inside buildings
range from 2.5 ng/m" to 200 ng/m3, with individual measurements from 0 to
over 800 ng/m3. For the outside air, the variation for the average con-



Table 2 (i)

]

Fiher

| 5“‘9“ Total Tcal Mass Fiber ' o s ;
Building Location Date - Flow Aass C‘,r.am:3 . | Count Conc . ' Clic wWu Cirarr ot !
(n) (ng) (ng/m") (t/an)” | ; ‘
“ [ |
CALIFORNIA STATR Room B042 8-30-73 ° 7 103 15 73-003-031 1A i
HEALTH DEPARTMENT
2151 Berkeley Way N
Berkeley . :
. Comsntitious spray . Room 2017 | 8-30 7 119 17 3 .0030 ~032 1B
{1966) in return air _ —_—
) plenunm, n ., o : ,-
' Room 2017 | 8~30 6.9 18 2.6 -034 1D
| outstde | 8-30 6.4 13 18 033 1C
GREAT WESTERN BUILDING ) : .
2130 Mnattuck Avenne 3 fiocor 9-10-73 5.8 0 7.3 73-003-035 | 24
Berkeley _
Cewentitious in air
. 6 28
plenum.. Room 903 9-10 §.3 §7 11 6 0048 -03
Built in 1970 e | .
Plenum , !
loo-A 903 9=10 $.1 13 2.8 -038 2D
Roof 9=-10 4,8 a4 $.0 -037 2C
! ! |
' |
i ! i
i : .
e ;
' !
e — — 4 — - .-.é. ———— - --‘~~".
. ! [-
l I r



. V. o
Sanple Total Total sMass Fibver Fiber g Ir A '
Bu: lding Location . Date Flow Mass Conc Count Cor.c. | Cotte Mo ¢ Coae Mo
(n3) (ng) (ng/a”) (r/m1) | | j
: - -
STUDENT CAFETERIA SW Balcony - i '
INIV., OF CALIFORNIA 3 floor 9-14-73 6.0 22 3.7 1 0007 [73-003-039 24 ‘
Telegraph Avenue ‘ i 3
Berkeley Serving P i |
Exposed decorative Area | 9-14 6.0 16 2.7 1 040 3B |
acoustic spray 2 floor ‘ : ;
Built in 1958 Serving : . :
Area 9-14 6.4 o ¢ i -042 ' ZE !
3 floor : ’
‘ I 1
Roof 9-14 6.0 29 4.2 -0411 3c !
. ! !
e d -
‘ s
i |
| T
HARM N'S GYM ,
-18- . . . 72 - P4
UNIV. OF CALIFORNIA Room 175F | 9~-18-73 6.2 74 12 3 0020 72=-003~043 . A |
Berkeley 7 — f b
No asbestos - control . 9 o ! PRI :
building Room 91 9-18 6,2 14 2.0 1 -04 : i
Built in 1932 i 4; : -
Main Gym e . . ]
. : - . 7. L0186 -046 1E
East Balc. 9-18 7.5 535 3 33 1 4 [
1 | |
! |
Roof 9~-18 6.0 o 1] -045 4ac !




Table 2 (1ii)

Sample Total” | ‘fotal Mass Fiber Fiver | o S S |
Hilding Location Date Plgw Mass Cone Count Conc . i Code Yo ) Lohun .
(m¥) (ng) (ng/na) (f/m}) ! i
! N g L. L |
I | i
Filtered ! ‘ ‘
WELLS FARGO BUILDING Supply 10-18-73 5.6 0 0 ‘73-003-048! 5B
44 Montgomery Avenue | i
San Francisco T t T
Fibrous spray in :;:“""’ 10-18 5.8 7 1.3 -049! sc
return air plenum |
Built in 1966 g
Room 4318 | 10-18 6.6 163 25 -050, SE
|
|
. Outside 10-18 5.8 .22 3.9 1 .0008 -047 S5A
i
: T
METROPOLITAN LIFE .3 floor 7.8 1372 180 8 .0045 74-000-108% 6A
BUILDING
425 Market Street { -
San Prancisco 4 floor i
Cementitious spray Open 8.0 90 1 -1 6E
in return plenum Otffice ' ! .
Return ) ! '
Alr 7.6 101 13 ~109 6B
Plenum . _
Outside
Air 7.2 33 46 9 .0053 -110| 6C i
37 floor
i |
! l
r pi d_.
' ]
§
{
!
[ P
.
i l oy




Table 2 (iv)

Sample  Total : Tota] ’ Maer Fiber ] ihes I LN rooenms
Daslding location Date Flow L llasa Crag, Count Conr . C T PO T i
(m3) (ng) (ng/a>) R ! |
f 4 J
H | N T
t i i
. 2.8 2 0.7 :a L0, Th=003-051 TS| |
JSE. ' i
TURIX HOUSE Apt. 10A 10-11-73 ! . ‘ K R {
‘A9 Coluas:s Avenue 9.6 70 e . ¥ 3 ; -131 i - .
Nes York Cit: : . '
. 1
. at b : .7 T 20 T4 -G52 -z :
partment Building ' Apt. 2B 101173 2 2 ( ,{ ; |
Ornamental sprav paint g 9.6 167 17 o L0040 , ~055 | -3 ‘
¥%c asbestos - ; —_ — —_————
32 ! ~052 | -7
R«;of | 10-33-73 2.7 A8 52 ‘ | 33 | I
17 floor 9.6 34 5.5 : 036 ! -6 |
. , | |
| |
. | 5
: 8-16-73 2.38 16 7 ’ 73-003-038 |  JFR-2
JFK BUILDING 10 floor ] _ ) 062 .
Goverrmeni Center : 8-17 10.65 15 1.5 : : ’
Boston - - . l e e ..'.._.--...5.-- ———
8-16 2.0 21 10 ; -0359 -
Cerentitious spray in (zlliAflllogr) ] - . o
plenun ‘ T 8-17 10.33 12 1.2 ; ~160 -1
Fibrous glass lined ‘ e . ' - i e et e e b
‘. . ' . ~16 ~2.‘.5 26, 0.r i -)37 ' -1
nets Air Intake | 710 ’ , T
26 floor | R=17 10.7 3 0.3 : -061 -:
. i
! ;
]
!
U — ‘ ————
i
i
- !
i
| S
! , \
1




[} .
Sample Total Total Mass Fider Fiber . WL f
Buirlding location Date Flow Mass Conc3 Count Conc. n:h No I Coviee New
(%) {(ag) (ng/m") (t/ml) ! !
1 : ;'
STEDMAN BUILDING :to‘f’:t:la 10-17-73 3.3 516 160 .0051 573-003-063 ST-1 ’
City College of the City 10-18-73 10.8 359 33 3 .0012 ! -067! ST- i
University of New York | j !
N York Cit: —— foo = e
ew Tork Tt 10-17-73 3.29 72 21 1 0012 | -064; ST-2 |
Chem. o . }
™. Eng. Dopt Room 324 | 10-18 10.68 39 3.7 i 068! s1-6
Acoustical spray - + . —_
Room 301 | 10-17-73 3.13 23 f -068 l ST-3 |
Lab 10-18 10.8 85 7.9 5 .0020 74-000-015 ST-7
Roof . i ,
6 floor 10-17-73 3.27 284 87 n-ooa-oss ST-4
(outside) 10-18 10.6 108 9.9 74-000-016 ST-8
i
|
|
EXXON BUILDING 11 floor | 13-11-73 - 3.30 ) ) ;74-000-017 1251-1
1251 Ave. of ricas | Office 13-12 4,08 111 27 -021 | -5
New York cnyh. Room 1150 | 12-13 3.65 112 31 0 0 -ozs‘ -9
Offices, 54 floors Room 2772 | 12-12-73 2.95 n 24 1 .0014 -022 -6
Cementitious (lono—l‘ot* Computer
on outside structursl h 12-13 3.70 204 55 0 0 -026 -10
members. Spray-Don(A)’ 32 floor
on floor decking, 1.e. 12-11 2.80 115 1 1 .001 -018 -2
Vacant off
fibrous asbestos spray (stagnant)
Sealant used, but name [Return Atr | ., . -, 3.15 7 22 %0 . il
unknown Tetran - Ml 12-12 2,95 0 0 -024 ! -8
Built June, 1972 12-13 3.70 132 36 10 .0114 -028 -12
Outside 12-11-73 3.25 37 11 -019 -3
Adr 12-12 2.95 ) 0 -023 -7
15 floor 12-13 3.7 49 13 4 .0046 027 -11




Sample Total To.al Mag:z Fiber i Lor LDPA ‘ wt Sians !
Building Location Date Flow Mass Conc Count Conc. Code N } Lode S
(=%) (ng) (ng/m”) (t/m1) ! i
1133 Ave of Americas. Room 216 |} 12-4-73 3.60 170 47 1 .0012 |74-000-001 1133-1 ;!
N K Cit;
ew York City Office 12-5 3.30 184 56 =005 1133-5 |
Offices, 45 floors i 1’
Fibrous spray 32 floor 3.78 79 21 ) 0 -002 | -2 1
No sealant ¥ail Room | 12-4 3.30 47 14 -00¢ | -6
Built January, 1969 - | povurn Atr| 12-4 3,36 2 © 0.6 ~003 -3
Plenua 12-5 3.30 119 36 1 .0013 -007 -7
12 floor | 4 {
Outside Air 12-4 3.36 1 3.3 -004 -4 |
12 floor ;
Balcony 12-5 3.30 S0 15 -008 -8
888 Seventh Av 19 floor | 11-12-73 3.38 22 6.6 74-000-009 888-1
Mew York City 11-13 4.85 213 “ 12 .0104 -012 -5
Offices, 45 floors :
Fibrous spray on beams 11-12 3.05 206 97 4 .0055 ~C10 -2
and floor decking 4 flcor ’
No sealant Outside Alr| ,, 12 3.00 28 9.3 -011 -3
Built in 1970 14 floor |
Balcony 11-13 4.7 66 14 -014 -8
USSP S—
‘ |
l .
1 i
| r
——— — l—————-- —-——-—b—-—-———-—--.——-_;—-
t
]

 ——




Saiplo Total Total Mass Fiber Fioor e : T oo i
Building location Datc Flow dass Conc Count Coture . e ho g Cnd L ;
g (m3) (ng)_ (ng/m”) (f/ml) ; X j
: —— i I - |
MCcGRAW-HILL BUILDING :'20" 12-14-73 3.10 129 42 24 .0326 :74—-000-029’4 122141
1221 Ave. of Amaricas Processi 12-18 3.70 ] 0 24 .0274 -033 | -
New York City "8 L ; ]
Offices, 51 floors 17 floor 12-14 3.00 24 8.0 -0302’ -2 !
Firevsr type T on Print Shop{ j3.18 3,70 0 ) . -034 | -6
columns. Non-asbestos }
Cafzo D C-F in plenums. |Return Air }§ 12-i4 3.00 8.6 2.9 10 .0141 -031 ; -3 |
Plenum R-2 A i i
16 floor 12-18 3.60 8 2.2 -0351 7
Sealant used, but ma%e | Outside | 12-14 2.95 2.7 " 032 | -4
* - ALr ! ‘
12-18 3 .70 1 04 -036 -8 i
Bullding not cumpleted
as of 12-73, but heavi~] -
ly occupied.
* i
7 ticor '} . " 20-1
HIPPODROME BUILDING - 3=19-74 3.80 52 14 74-000-101 11
1120 Ave of Americas g;:nt 220 3.35 36 11 =104 -5
New York City ce = { |
2- - ] o
Offices, 21 floors Sewing Rn. 19 3.60 45 12 102 | 2
Pibrous asbestos spray | 19 floor 2-20 3.20 38 12 18 .0230 =105 -6
(floors 9-21) . —
Not imown whether Return Air I
sealant was used Plenum R-3 . ¢ -
) 21 floor 2-20 2.95 19 6.4 -1061 -7
Floors 1-8 built 1958 . —
Ploors 9-21 built 1962 :‘;:’“‘ 2-19 3.70 38 10 1 .0013 -103 -4
21 floor 2-20 2.90° 54 19 -107 -8
i !
i
|
“‘1‘:'
| =




Table 2 (viii)

s-ﬁple Total " Total dass Fiber Fiber i EPA f b S }
Buildang Location Date Plgvl Vass Conc, Count Conc. Code No. | CTa- ;
(=) {ng) (ng/m") (£/m1) : IL
9 floor 3-2Q~-74 1.60 140 87 0 0 74-000-120 CNA -1
CHA INSURANCE PIAZA Conference X
313 8. Wabash Avenue A 3-21 ‘3.95 46 -12 b 0011 -123 -4
Chdeago :

Fibrous asbestos 3-20 2.4 118 47 0069 -121 -2
sproy (Firebar) 8 floor 3-21 3.00 © 13 .0086 -124 =5
Built: 1974 " -

| 3=-30 ‘B.40 507 210 L] 0105 =122 -3
3-21 3.90 | 333 830 18 .0195 -125 -6
U.S. GYPSUM BUILDING
101 8. Wabash Drive 14 floor 3=190-74 3.60 ] 18 ' 74-000-126 UsG -1
Chieago -
Cementitious asbestos 4 floor 3-19 3.0 3 0.9 -127 -2
spray
Mrecode plaster .
B 1 Outside . .
(usG ) 18 floor 3-19 3.4 84 24 -128 -3
Built: 1960°'s Balcony
=




Sample Total Total Mass Fiber Fiber TRA HRTOIANCE '
Building location Date Flow Mass Concs Count Conz. Code No. . Cade No H
(n) (ng) (ng/m") (f/m1) i ‘
_ i
’ !
1700 y 18 floor 2-21-74 3.45 25 7.5 74-000-112 1700-1 )
New York City 2-22 3.85 45 12 -11€ -5
-Oftices, 4" floors - — —_—
Cementitious on 11 floor | 23 3.30 77 23 4 .0051 -113 -2
columns, cuacrete 2-22 3.50 20 5.7 ! -117 -6
facing elsewhere . -
Built October, 1968 :::::: Alr | 2-21 3.40 . 67 20 -115 i -4
- - ' -
12 floor 2-23 3.55 5 1.4 2 .0024 19 8
Outside Air| 2-21 3.4 51 15 -114 -3
12 floor | 5 9y 3.55 12 3.4 -118 -7
|
- 74-000~141 TWA -1
TWA TERMIFAL ::turn Alr | 4~2-74 4.03 .3 6.2
JFK Int'l airport enum 4-3 2.80 32 11 -145 -5
New York City )
Terminal ceiling is Passage way| 4-2 3.90 31 7.9 -142 -2
covered wilh sprayed Stored 6 0094 ~146 -6
fibrous meterial Asbestos 4-3 2.7 510 190 ¢
containin: asbestos. . . -
Sealed and painted. :'1'::‘”"” | 42 3.40 193 57 6 .0074 -143 -3
founge 4=3 2.80 8 2.9 -147 -7
Inside Alr | 4o 3.45 43 12 -144 -4
top of roof ' .
- . 14 -148 -8
neary . tchen! 3 2.80 40
- -
|
3
|
+ 4 .
'e I
S
1]
B




sy, Sine: |

Sample Total Total Xass Fiber Fiter ZPA '
Building location Date Flow Moss Conc3 Count Conc. Cede No ! Code Yo
(=) (ng) (ng/n") (£/m1)
Chapel 3-28~74 3.60 58 16 74~000~-129 331-1
BUDDHIST CHURCH Near
331 Riverside Drive Altar 3-29 2.75 52 19 -132 -4
RNew York City -
Basement gym ceiling Basement 3-28 3.50 3 0.9 -130 -2
covered with exposed Gym " : -133| -5
fibrous asbestos 3-29 2.% 18 5.2
material. 3Jealed, but
! Sene - . ] -131 -3
lamaged in spots. ? nt 3-28 3.50 83 16 3 003
Gym air is comple ely ™ 3-29 2.90 336 4 .0058 -134 -6

exhausted to ocutside.

110

*The fiber concentra-
tfon was determined by
optical microscopy
using the procedures
specified by the
National Institute.for
Occupational Safety
and Health. (3) The

concentrations refer tqg
all fibers longer than
five microns per

milliliter of air

determined by phase ]’

contrast microscopy
at 400X magnification.




Table 3

Sumnary of Aveu_‘ce Asbestos Concentrations

Average Asbestos
Concentration in

nanograms/meter3
Building Air Outside Air
New York
Turin House 8.2 18
Steinman Building 41 33
Building 29 8.0
McGraw-Hill 9.3 2.0
Hippodrome Building 11 14
1133 Ave of Americas 29 9.2
888 7th Avenue 77 12
1700 Broadway 12 ' 9.2
TVA Terminal 17 -
Buddhist Temple 27 -
Boston
JFK Building 2.5 5.0
Chicago
U.8. Gypsum 9.5 24
CNA Plaza 200 -
Berkeley
Nepartment of Health 12 18
Great Wvestern 7.0 5.0
UC Cafeteria 3.1 4.3
Harmon Gym 7.8 0

San Prancisco
Wells ™ g0 8.7 3.9
4325 Market Btreet 1] 46
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centration at a given site extends from O to 87 nsﬁls. For the large
majority of the samples, there was no significant difference between
the average concentration of asbestos messured within the buildings

snd that measured cutcide at the same site. In several buildings, how-
ever, the possibility of indoor air contamination exists. Three build-
ings (1351 Ave. of the Americas, 888 Seventh Ave., and 1133 Ave. of the
Americas) have average indoor air values at least three times grester
and 10 ng/m3 higher than conceutrations measured outside. Additionally,
one building (CNA Plaza), without a corresponding outside value, has
extremely high concr-trations. Also, isclated samples in three other
buildings (Steinmar all, 3231 Riverside Dr., snd TWA Terminal) suggest
the possible presence of isolated areas of contsmination.

To further consider whether indoor sir contamination exists, Table 4
shows the distribution of concentration values measured inside snd out-
side of buildings. 1n the case of fibrous spray, a significant number
of buildings have concentrations of asbestos exceeding 20 ang/m3, whereas
only one ocutside ssapl > taken at the same time exceeded this value. In
contrast, only two out of 28 inside ssmples exceeded 20 ng/ns of air

in buildings in which cementitious ssbestos spray bad been used.

Two buildings were sampled in which no spray asbestos had been applied.
One, the Harmon Gym at the University of Cslifornia, was coastructed in
1932, prior to ibe introduction of such procedures. The second, the
McGraw-Hill building in New York City, was fireproofed with n fibrous
spray, Cafco DC-F and Firebar T, a cementitious materisl , which wes

used on the outside of the columms. Cafco DC-PF is advertised to contain
no asbestos, and this fact was verified by optical microscopic analysis
of a sample of the applied material. It i3 believed that Pirebar T also
contains no asbestos, although a sample was not accessible for collection.
While the possibility exists that some fibrous sprey materisl in the
building could have contained ssbestos, this is thought to be unlikely,

as New York City prohtbited spraying of asbestos-containing material
after Pebrusry, 1972. The McGraw-Hill building wes finished late in

1973, with most spraying likely to have been done in late 1972 or

early 1973. Deta from these buildings and all outdoor samples teken as
controls during the sampling of buildings in which asbestos spray had
been used are tabulated in Table 5. It is seen that little ditference exists
between the distribution of asbestos concentration in these two build-
ings and that of outside air.

Table 6 lists the distribution of all samples sccording to whether they

were in areas with no asbestos present (outside air or buildings in

which no asbestos materisl was sprayed), buildings with fibrous asbestos
spray, or buildings with cementitious ssbestos spray. These distributions
are also represented graphically in Figure 3. Also shown on Trble § are

the number of mmples having a concentration above and below 20 ng/m” for
each of the three circumstances. A3 test was apglied to these date end the
percentage of individual samples exceeding 20 ng/m" for fidbrous spray is
significantly different from those of ocutside air at the 0.01 level of confidence.
the other hand, there is no significant difference in the distribution

of air concentration in buildings usin cementitious fireproofing material.



Asbestos Conc.

The concentration distribution of

samples taken inside and outside of

buildings with sprayed asbestos material

Number of samples in concentration rhqgg
Used in PTenim DEcorative

Total
(ng/ms) inside outside inside outside inside outside
Cenentitious Spray
o - 2 1 2 0o 1
2.1- 2 2 2 2 4
5.1- 20 13 3 K] 0 16 3
20.1- 50 1 2 0 1 1 3
50.1-200 1 0 0 0 1 0
200.1 + 0 0 0 0 (4] 0
Pibroui Spray

o - 2 S 1 1 0 1
2.1~ 2 2 0 2 2
5.1- 20 10 7 10 1 20 8
20.1- 5C 13 0 3 (o} 16 0
50 .1-200 ] 4 1 1
200.1 + 0 0 0

b2



Table 3

The concentration distribution
of all outside air lalglos and those in buildin‘s
in which sprayed asbestos material was never used

Samples in concentration range

Asboatos Conc. Buildings Outside Total
(ng/m™)
o - 2 4 2 6
2.1- § 4 10
5.1- 20 3 11 14
20.1- 50 1 3 4
50.1-200 0
200.1 + 0 0 0




Table &

The coucentration distributions of control unglas

and samples taken in buildings with asbestos spray

i

Number and percentage of samples within range

mncentration All coatrol All buildings All buildings
range 3 samples with fibrous with cementitious
!‘_"E'_."_{_‘_. no asbestos asbestos spray asbestos spray
0 - 2 -] 17% 68 11% ] 21%
2.1- § 10 29% 3 4% 4 14%
5.1- 20 14 40% 20 38% 16 57%
20.1- 50 4 11% 16 30% 1 4%
50.1-200 1 k) 3 7 13% 1 1%
200.1 + 1] o% 2 4% 0 0%
mber of samples <20n¢/lg 30 3s 26
mber of samples >20ng/m s a3 2
2 of difference between asbestos samples
and control 10.148 0.804

obability that differsnce is from chance <0.02 N.8.




Percentage of Samples Within Range

m.ﬁ Pigure 3 '
’ All control buildings I
The concentration distributions of
No best
control samples and samples taken ( asbestos spray used)
in buildings with asbestos spray
50 All buildings with
! cerentitious asbestos spray
Ali buildings with 7
fibrous asbestos spray /1
0
20 o .o..:
.0 /
s® @ o
o%®e
B /
4 .. [ 4
-1 LA
o..:’
Vit T
-
o %o
o A /

$.1-20 20.1-50 50.1-200 200.1+

(=)
i

Concentration Range (nanogrms,/ma)
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Of the four buildings that suggest possible contamination, two were re-
cently constructed. One (CNA), in fact, still bhad construction activities
taking place on upper floors. While possible contamination from such activi-
tio-iin unlikely, they cannot be ruled out. (The construction areas were
outside the supply system sampled.) The other two buildings were also
unique in that no sealant had been applied over the asbestos spray material.

Values for some isolated samples may be the result of special circumstances.
Two T‘} Terminal samples (74-000-142 and -146) were near a site of stored
asbestos material, and the sample in the generator room of the CNA building
(74-000-125) was in a room with extensive use of sprayed asbestos on the
walls and ceiling.

Optical Microscopic Analysis

Table 7 lists the fiber concentrations measured using phase contrast optical
microscopy at 400X magnification. The technique specified by the National
Institute of Occupational Safety and Health for the analysis of asbestos
ssmples collected in occupational circumstances was followed. (3) All
fibers longer than five microms in 100 45 X 45-micron fields of view were
counted, and a fiber concentration calculated. These concentrations are
listed in Table 7, along with the mass concentrations determined by electron
microscopy.

Figure 4 shows graphically the correlation hetween the asbestos concentrations
determined by optical and electrom microscopy. It is obvious that no correlation
exists between these methods. This was to be expected; as fibers other than
asbestos are likely to be present in the ambiemt air. According to the pre-
scribed technique, sll objects having a 3:1 length %o width ratio and a length
greater than five microns are to be counted. As many fibers present in the
ambient air are other than asbestiform minerals, enumeration of such fibers
using the NIOSH technique readily gives misleading results. In occupational
circumstances, wnere the majority of fibers are indeed asbestiform, this
procedure has practical utility.

Duplicate Analysis

Ten randomly selected samples were sent to the Air and Industrial Hygiene
Laboratory of the California State Department of Health for duplicate snalysis.
These were analysed using the method described in Appendix 4, and the

results are listed in Appendix 5. 8Significant differences existed on three
samples. Extremely high levels listed in the Appendix for samples 73-003-038,
-046, and -054 suggested the possibility that inadverteat contamination may
have occurred subsequent to the collection of the samples. All three of

the high values occurred in a group of four samples sent at one time. Tn
order to check this possibility, a second set of the lot of four samples

was sent to Berkeley and the same four were resnalyzed at Mount 8inai. The
results of this reanalysis indicated that inadvertent contamination bad occurred
at some point in the sample transfer or analysis process.




Table 7

Comperison of
Asbestos Air Concentrations
Determined by Blectronm
and Optical Microscopy

EPA '. Sample Number Mass Concentration Fiber Concentration
: ’ mnomn/ntora fibers/milliliter
(Electron Microscopy) (Optical Microscopy

E-73-003-032 AH 17.0 .0030
-036 10.8 .0048
-039 a.7 .0007
=043 . 11.9 .0020
-046 7.3 .0186
-047 3.9 .0008
=051 0.7 .0046
-054 1.3 o
-085 , 17.4 .0040
-063 156 .0051
-064 21.2 .0012
=067 33.2 .0012

E-74-000-001 . 47.2 .0012
-002 0 0
=007 36.1 0013
-010 ’ , 97.0 .0055
=012 43.9 .0104
=015 . 7.9 .0020
=018 41.1 .001
-022 24.1 .0014
~025 30.7 0
-026 55.1 o
=027 . 13.2 .0046
-028 35.7 0114
=029 41.6 .0326
=031 2.9 .014
-033 0 027
=103 10.3 .0013
~105 11.9 .0230
-108 181 .0045
-110 64.0 .0053
-013 23.3 .0051
=119 1.4 .0024
-120 87.5 0
-121 46.9 .0069
-122 211.3 .0105
~123 11.6 L0011
~-124 13.3 .0056
-13% 828 0195
-131 15.1 .0036
~-134 118 .0088
~143 56.8 .0074

-148 188.9 .0094
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:nble 8 lists the values obtained by each laboratory for the 10 samples.
XCept for 74-000-003 and -012, the agreement between laboratories is
not beyond that which might have been expected (discounting sample
73‘003*04§. for which inadequate analysis was pertormed). The possi-
bi?ity that samples -003 and -012 were interchanged during the coding,
shipment, and analysis procedure st one of the laboratories cannot be
discounted, as the values would be in good sgreement if the dats for
these two samples at one of the laboratories were interchanged.

Variability of the Datga

Table 9 1ists the two sets of results on the four samples replicated as
mentioned in the previous section. As can be seen reasonable agreement
exists. Additionally, as pert of a previous study of asbestos ambient

air concentrations in major U.S. cities, 16 replicated samples were
analyzed. In these, the average ;~rcent deviation from the mean was found
to be 43%. Considering single ssmples, it is felt that an individual
value 1is accurate within a factor of two or three of a sample mean.

The inaccuracy that exists in the value obtained in a specific analysis
can result from several circumstances: a) statistical variation iu the
number of fibrils found in given grid squares, b) s much greater variation
in volume of these fibrils, c) incomplete dispersal of chrysotile bundles,
d) variabilaity in the amount of material that may be lost during pro-
cessing, and e) low-level contaminstion of the sample at various points
during ints preparation and analysis.

The possibility of inadvertent sample contamination exists in spite of
adherence to rigid clesn room procedures. Such contamination was found
in one ambient air sample analyzed at Mount 8inai, end in one group of
samples analyzed at Berkeley. Undetected low-level contamination could
exist in some of the samples analyzed here, although blanks processed
with each set of four samples revealed no serious problem.



Table 8

Duplicate Analysis of Ten Ambient Air Samples

Sample Number Asbestos Concentration (mo‘rm/utoral
Mount Sinat Calif. Dept. of Health
74-000-093 0.8 | 120
74-000-012 44 0.4
74-000-023 0 13
74-000-032 2.7 o
73-003-038 2.6 0
73-003~046 7.3 < 800
(disregard, only 2 fibers obscrved)
73-003-054 7.3 0
73-003-064 21 1]
74-000-110 46 14

74-000-119 1.4 2.2




Table 8

. icate Amalysis of Four
t Alr o8
le Number Ashestos Oule.tn§10n

ist Amalysis 3au Amlysis Aversge

75-003-038 o 5.3 2.8
-~048 7.6 7.1 7.3
-“‘ 3.’ ll o" 1.3

-084 13 ' 20 321




Environmental Asbestos Exposure and Possible Human Heslth Effects

A

Historical Perspectives

The first information on envirommental risk from sshestos exposure came
from South Africa in 1960. Iu that year, Waguer, Sleggs snd Marchand (4)
described 47 cases of mesothelioms found during s Zour-year period in the
northern Cape Province, an area with extensive crocidolite asbestos mines.
None were seen in the neighboring Transvaal Province or in 10,000 autopsy
cases of workers who had died with known exposures to silica. Of the 47
cases, approximately half were found to have had either industrial or
mining exposures to asbestos. Virtually all of the remaining csses were
ia individuals who simply lived or worked in the vicinity of the asbestos
mines or mills. ) '

Confirmation of environmental asbestos-associated disesse soon appeared.
Newhouse lqd Thompson reviewed all mesothelioma cases at the London Hos-
pital(s) They corroborated the close association with asbestos, 31 of the

76 cases having had documented occupational exposure. Of the remainder,

11 had lived, decades before, within one~half mile of an asbestos factory.

A similar distribution of cases was found by Lieben and Pistawks (6) in Penn-
sylvenia. Omne insidious form of indirect asbestos exposurs is that of
fanilies of asbestos workers. Im the previously mentioned studies, uvine

of the London mesotheliomss were in family members, as were three of the

46 Pennsylvania cases.

Additionally, evidence is sccumulating that other than neoplastic disease

is present among individuals exposed only to eavirommental or femily cir-
cumstances. A recent study by Dr. Irviig J. Selikoff of the Mount Sinai

School of Medicine shows that 38% of family members of a group of former asbestos
workers have X-ray abnormalities characteristic of asbestos exposure. (7)

Unfortunately, these data on the incidence of mesothelioma and other as-
bestos-related disease from environmentsl or. family exposure to ssbestos
are severely limited. The exposures in question took place beginning 20,
30, 40, or wore years ago. No knowledge exists of the associated asbestos
dust exposure levels. Thus, we hav~ no dose-response information on iow-
level asbestos exposure. We only have knowledge of a potential risk of
disesse, at exposures much below occupational ones. Obviously, additional
research and continued surveillance sre highly desirable. '

Environmental Chrzaottl'c Concentrations

In s previous study at the Nount Sinai School of Medicine, 187 samples from
49 United States cities, collected by the National Air Pollution Control
Administration from their air sampling network during 1969 and 1970, were

‘ analyzed 8)Biweekly, 24~hour samples in various three-month periods were

composited and anslyzed using techniques identical to those employed in

this resesrch. Tablel0gives the range of values obtained in this study.

Tablelllists the results obtained from s series of single samples collected

in New York City by the Department of Air Resources at 12 sites in their

ssmpling netwerk.(@)In contrast to the NAPCA samples, which were collected

over a 24-hour period, the New York City were obtained between 9 AM and 4 PM.
At such times, of course, ashestos contributed to the ambi-

ent air by man’s activitiés would have been greater.



Table 10

m.otilo Content of Ambient Air
&hs Collected bz

| 2.122%:.-. 3 Nusber of
nanograms/meter Samples in (]
0.1 -0.9 61
1.0 -4.9 102
5.0 -9.9 13
10.0 -19.9 9
20.0 -49.9 2
50 +
Total Samples 187




Table 1}

R ——

CHRYSOTILE CONTENT OF AMBIENT AIR IN NEW YORK CITY BY BOROUGH

Asbestos sir level in 10~ grams/m’
Sampling Number of
Locations Samples Range Average
Manhattan 7 8-85 30
Brooklyn 3 6-39 19
Bronx 4 2-35 12
Queens 4 3-18
Staten Island 4 5-14
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New York City

Acd.::::o::lg » 811 of thespamples were collected during periods when the pro-

material reproofing high-rise buildings by spraying ssbestos-containing
S Was permitted. While no sampling station was known to have been

located .dJ‘mt to such sit
from these procedures . es, unusually high levels could have resulted

To verify that construction sites were, indeed, a significant source of as-
bestos fiber, sampling was conducted in lower Msnhsttan sbout construction
sites where extensive spraying or asbestos-containing Zireproofing material
was taking place. Tablel2 shows the results of this sampling snd demonstrates
that spray fireproofing can contribute significantly to ssbestos air pollution.

In some instances, chrysotile asbestos levels approximately 100 times “back-
ground  are observed.

Sampling Lee 2130 been done in homes of asbestos insulation workers and as-
bestos mill employees in order to determine home air concemtrations in such
circumstances. Here, also, the ssmpling and analysis procedures were identi-
cal to those uscd in this study. Results indicated that air levels in the
homes of asbestos workers can range from )00 nanograms per cubic meter of

air to as high as 5,000 nanograms per cubic m~ter of air. (10) It is notgyworthy
that the lowest of these levels exceeds any that have been messured in the
ambient air of major U.S. cities, and the highest level is equalled onaly

by the amphibole mass concentreations found in Silver Bay, Minnesots near the
site of the Reserve Mining Compeny operation. (11)

For comparison purposes, Table 13 expresses the ranges of asbestos concen-
trations found in a variety of eanvironmental anc ocoupational circumstances.
It is not possible, however, to use these concentrations as necessarily rep-
resentative of the air levels that may have been present about past factories
or in homes of workmen where asbestos-related disease has receatly been mani-
fest. However, the documentation of disease at councentrstions much lower
than occupational ones, strongly points to the need to conrol exposures in
circumstances where they can contribute significsatly to the embient air.
This is especially important where large populations mey be exposed, such

as was the case about spray sites in New York City, and is the case in the
high-rise office buildings that were constructed using esbestos-containing
spray fireproofing. Concentrations above 100 nmanogrems per cubic meter of
sir are highly indicative of erosion and approach concentrations geqgured

in workers' (100-5000 nc/ns)' and about sites of neighborheod contamingtion
(to 400 ng/m”), where circumstantial evidence suggests the possibility of
sdverse health effects.



Table 13

CHRYSOTILE AIR LEVELS NBAR SPRAY FIREPROOFING SITES
Asbestos Air ol

i 10 ° gn/m
. Number of
Sanpling location Samples Range Average
1/8 - 1/4 mnile 11 9 -378 60
1/4 - 1/3 mile 8 8 - 34 as

1/2 - 1 mile S 3.5- 36 18




Table 13

Am imate Ranges of Asbestos Conceantrations in Different Circumstances

Mass Concentratiomn
of Aabgstoe

Type of Sample (o 1 ¥ gmd)
Ambient Afr
(200 Samples in 50 U.8. Cities) - 0.1 - 100

Near Asbestos Spray Fireproofing
Operations and Other Sources

(1/8 - 1 mile distant) ' 10 - 1000
Silver Bay, Minnesota (Reserve
Mining Company Milling Operation) 10 - 5000
Homes of Asbestos Workmen 100 - 5000

Occupational Exposures 1000 - 100,000 +




lusions and Recommsendations

. Decorative or Acoustic Spray Application '

Indications of contamination of public buildings from the past application
of acoustic spray exist in this study, as well as in many isolated circum-
stances. Noteworthy in this latter category are a school in Wyoming, a Yale
1ibrary, the Long Beach Courthouse and a U.C.L.A. dormitory. In all circum-
stances where significant air contamination has arisen, however, directly
visibly damage to the spray material was evigsnt Thus, visual monitoring

of the structural integrity of this sprayed material appears to be sufficient
to assess possible contamination. Where damage is found, however, corrective
action should be taken. This action may extend from simply resealing the
material with an overspray, to complete removyl, as has been done in the

, specific cases mentioned above.

Cementitious Spray liroproong‘

No evidence was developed in this study for asbestos erosion from cementitious
spray fireproofing material used in the plenums of building supply systems.
This conclusion, however, is a tentative one, as it is drawn from a limited
sampling program in oanly six buildings. Prudence would suggest that periodic
sampling of such buildings be initiated in order to évaluate the

the results presented here.

Fibrous A:buton-Coatnug !E‘! nroEo_gtu_l‘

This study presents stroag evidence for the erosion of fibers in some buildings

. fireproofed with fibrous-type, dry spray, asbestos-containing material. This

was particularly evident in those buildings most recently constructed and in
those in which no sealant was applied over the spray material. DMNMoreover,
all bulldings will, at times, have repair and maintenance activities taking
place in the plenum space that can lead to contsmination incidents. Since
vigsual monitoring of the integrity of the spray material in the plenum space
is not possible, investigation should be made of feasible filtration systems
that can be used in these buildings to remove any asbestos contamination

that may occur.

cific Recommendations

1. PMuture Monitoring

a. An effective inspection and monitoring program should be developed
to verify the integrity of asbestos spray material used for acoustic or
decorative purposes on the walls and ceilings of public rooms and build-
ings. This would be primarily a visual imspection to verify that damage
to such material was not taking place. Omly in isvlated circumstances
would air sampling be necessary.

b. Periodic spot sampling and analysis of the air in buildings vsing
cementitious fireproofing whould be made in order to verify the rectlts
of this study and to assure that future air contamination of these !uildings

does not occur.

c¢. Morc extensive sampling and analysis for asbestos should be done in
those buildings where fibrous spray firaproofing has been used, in order
to define the full extent of asbestos air contamination.



3.

Future Control Procedures

&. Research must be undertaken to determine an effective and economically
Teasible filtrations system that can be used in buildings with air supply
Plenums sprayed with such fibrous materisls.

b. Procedures should be developed for used during msintenance activities
that may be required in asbestos-lined plenum spaces in order to minimize
possible building air contamination. Consideration should be given to
systea isolation, area enclosure, locslized wetting, and cleanup by
vacuuming.

c. Procedures must be developed and specified for use in those buildings
in which the asbestos is to be removed boemso of unacceptable contamina-
tion. Here, consideration must be givem to both occupational and future
environmental exposures.

d. The suitability of proposed EPA building demolition procedures for
buildings with extemsive spray asbestos must be verified. The community
contamination which could possibly result from such activities in the
future may greatly exceed that whicn resulted from original application
and from building use.
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APPENDIX I

Buildipns Sprayed with Fireoroofiﬂ Asbestos Compound

Asbestos Floor

Compound Area Height No. of Asbestos *
Mdress S (SQ FT FT Stories LBS)
345 _Park Avenue 175,600 {1,634,670 ] 681 44 52,500
7 East 42nd Street 268,370 | 312,039 388 27 80,511
1700 Broadway 55,000 | 557,649| S03 41 16,500
141 Hest 54th Street 75,000 1,873,946 645 49 22,500
15 Columbus circle | . 535,853 | s63,705| se3 46 160,756
115 Brcad Street 500,000 887,436] 282 22 150,000
1l New York Plaza 2,250,0001 2,525,842 664 20 675,000
100 Wall Street g_q_g_,_q_q_q___g_z_,m 365 23 00

* Asbestos compound contains 30% asbestos fibers, 60% mineral wool and
108 binder. )



APPENDIX 2
THE CITY OF NEW YORK
DEPARTMENT OF AIR RESOURCLS
51 ASTOR PLACL, ~.Y. 10003

VINTILATION SYSTEM IMISSIONS STUMY

44

Date
1 RILDING
1. Address -
2 Name of Building No. of Floors -
3. Owner Phone llo.
4. Address
5. ‘anagoment Phone
6. Address
7.  Building ‘anager Thone
8. Room Xc.
7. Date of canpletioﬁ‘ of construction ‘ ‘
10, [Estimated No. of people working in- the building
1T FIREPRXFING :
X. are the structural sterl members fireproofed?
1. Fibrous asbestos spray? Yes No Brand
2. Cementitious asbestos spray Yes No Brand

3.  Other. Describe

What material is used for the decking?

1. Corrugated metal?

2. Reinforced concrete?

3. Nescribe the fireproofing applied to the decking.




VINTILATION SYSTIM

A.

)

1. Does the ventilation system run continuouslv? Yes No

Naily hours of operation Mto ___ __ M,

z'
3. Weekend hours of operation___ A to_________ PM,
4 .

Are the same ducts used for both heating and
air conditioning? Yes No

AIR DISTRIBUTION
1. Are any of the ducts insulated internally? Yes 30

2. Describa the insulation materi .i used.

45

Brand ‘anufacturer

3. Are the ducts insulated externally? Yes No

4. Describe the material

Brand : Manufacturer

RETURN AIR SYSTEt
1. Is there a return air plemum? Yes No

2. Is the plenum insulated internally? Yes No
3. Type of insulation used in the plemum:
Fibrous asbestos spray? Brand _________‘ffgr.

Cementitious " R Brand —_______‘Mfpgr.

Other. Describe.

4. Was a sealant used? Yes No
Brand Mfgr.

5. Are there return air ducts? Yes No

6. Are the ducts insulated? Yes No

7 msuwtri-'%r:)stéd;sbestos spray? Brand Mfgr.
Cementitious ' * ? Brand —___ ‘fgr.

Other. Nescribe.



YTUeN AR (Cont inuad)

A

8. Was a scalant used? __ __ __Yes .__ ____ . ‘o
Brand- - S ———— Mfpr, . L
D, BLOKIR RXOM
1. A\rc the internal wails insulated? Yes _ ___.__ MO
Insulation material used: S -
Brand _ . ‘tfar. e e e
2. ™“as a scalant used? __. __ ___ _ __Yes No
trand "fgr. -
. AIR FILTRATION
1. Describe the filters used for the recirculated air: S
Rrand ‘ifgr.
2. Total arca of recirculated air filters.
3. Filter replacement scheduie
4. Date of }ast‘filtcr change. e
5. Nescribe the filters used for the make-up air.
Brand Mfor.,
6. Total area make-up air filters. -
7. ‘tke-up air filter ruplac ent schedule
8. Date of last filter change
9. uhat is the percentage of make-up air? .
IV ELEVATOR SUAFTS
i. Are mssenger elevator shafts insulated? Yes . s
Twno of insulation:
Librous asbestos Mfor,
(Cementitious ashestos ‘far. a
Jther — — — Migr.
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ELEWIOR SHAFTS (Continued)

2. Was a sealant used? Yes No
Brand Mfgr.

3. Are freight elevator shafts insulated?

Type of insulation:

Fibrous asbestos “fgr.
‘Cementitious asbestos - Mfgr.
Other : Hfgf.
4. Was a sealant used?___ Yes Yo
Brand Mfgr.
- CEILIIYSS
1. Are the ceilings covered with acoustic material? Yes No
Type of material used __ Brand
2. Are the ceilings painted? Yes No
" Textured paint? Yes No. Brand
Other? Brand

FLOW DIAGRAM OF AIR SYSTEM
Skewch 1ir-flw diagram showing blowers, filters, ducts, return-air
nlenums, fresh-air intakes, and floors serviced.




JPLES NEEDED

), Building materials

1. Plenum insulation
2. Air-duct insulation -- internal
3. Air-duct insulation -- external
4. Blower roam insulation
5. Recirculating air filter

a. Filter material b. Dirt covering filter
6. Roughing filter (fresh air pre-filter)

a. Filter material b. Dirt covering filter
7. Ceiling materials

a. Acoustic spray b. acoustic tiles C. tegtured paint
8. Elevator shaft insulation

l, Air samples (during normal building operation)
1. Room air -- 3 interior stations .
2. Blower room, before recirculation filters

3. External air -- upwind



Appendix 3

ASBESTOS SAMPLE PREPARATION AND ANALYSIS METHODOLOGY

Ashing |

Samples collected on membrane filters are prepared for
ashing by cutting 8 | cm square of the filter and placing
it, dust side down, on a clean microscope slide. Two or
three drops of acetone are added to the square to partially
dissolve the filter and to fix the material o the glass
slide. The sample is ashed in a8 low temperature activated
oxygen asher for 10 minutes to one hour, cepending on
sample composition. (The cleaner samples will require the
longer ashing period.) It is best to stop the ashing be-
fore complete combustion of the filter to minimize &ny loss
" of sample mireral material.

Rubout Procedure

Subout ' rocecurs
) ;ollowing ashing, the samples are dispersed in a nitro-
celIulose.fllm and mounted on formvar coated electron micro-
scope grids. The dispersal is accomplished by a “rubout"
technique in which asbestos fibers are broken into individ-
val fibrils. This procedure allows positive identification
of chrysotile asbestos to be made on the basis of morphology

alone.
which could obscure the presence of asbestos fibers or fi-

Moreover..llrge agglomerates of mineral particles,

brils, and to which asbestos fibrils could be attached, are

broker into particles sufficiently'small to allow all asbes-

tos fibrils to be sesn,
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The rubout is accomplished by placing @ large drop of a
1% solution of nitrocellulose in amyl acetate on the ashed
residue. The flat surface near the edge of a clean watch
glass is used to grind the residue into submucron sized
particles. This grinding usually takes from 5 to 10 minutes,
depending on the amount of resndue present. Typically, the
amyl acetate will evaporate in less than 5 minutes and addi-
tional drops of pure amyl acetate must be added to complete
the rubout. (Adding the 1X nitrocellulos. solution will re-
sult in an undesirably thick film.) During the final stages
of the rubout, the solution and residue are dispersed over
several cm of the microscope slide. After dispersing the
~ashed residue, some of which still remains on the watch glass,
another drop of the nitrocellulose solution is placed on a
second clean slide. During the dispersal of this drop over
several cm of the slide, the major portion of the residue
. ren;ining on the watch glass is removed. By this procedure,
less than }0% of the residue will remain on the watch glass,

The two slides are placed in contact and the ground res-
idue and nitrocellulose solution further dispersed. The res-

idue typically is spread over the width of the slide for a

distance of from 5 to 7 cm. The two slides are then pulled

apart. No pressure need be exerted during this procedure as

surface tension will hold them in contact.
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With practice, a uniform fllm is thus produced which can
be tested by viewing against a light. (We earlier did par-
ticle counts to verify uniformity, but visual appearance
proved to be as reliable an indicator of uniformity.) |If

the film is not uniform, amyl acetate can be added and the
above procedure repeated. ’ \

Mounting

The'edges of the slide with the attached film are scraped
with a scalgel blade. By carefully dipping the slide in water

at an angle of from 30°-50°, the nitrocellulose film can be
floated onto the water.

Several procedures can be used to mount,pértions of the
® £i1m onto formvar coated electron microscope grids. (Formvar
coated grids have been found to be more'étable than uncoated
~ grids in the electron microscope.) Two such procedures are:

1) Grids are placed on top of the film and covered by a
. portion of ordinary Whatman filter paper. This
sandwich Is then deftly flipped over and out of the
wafer. With some people success is achieved every
time, with others, never,

2) whatman filter paper is placed under the film, catch-
ing an edge of it. As the filter is withdrawn from
the water, bringing the film with i;, grids are
placed at the intersection of the film and the sub-

merged filter paper.

~—



53

Additional procedures can be devised, depending on the
ingenuity of the technician. After drying, the grids can be
picked up from the Whatman filter paper and mounted in the
electron microscope for scanning.

[ 4

Electron Microscope Scanning and cBunting

Typically, 8 grids are prepared from each sample ashed
using material from widely separated portions of the pre-
pared films from both slides. A single square of each grid
is scanned at 40,000 X magnification to detenniée the quan-
tity of chrysotile present. The identification of chryso-

tile is on the basis of morphology, either that of the classic
tubular structure or that of altered chrysotile (as a result
of gither beam damage or physical damage pribr to collection).
Here the structure exhibits a dense, irregular, inner region,
sometimes with a thin capillary, and an electron transparent
irregular outer region, To gain experience in recognizing
various forms of chrysotile, one can select an unaltered fi-
ber and watch it deform in the electron beam. The use of
carbon coated films can redu;e'this damage, but in practice

this procedure has not been found necessary.

The lengtﬁ and diameter of each éiber are estimateu with
the aid of fiducial marks on the viewing screen and the mass
of chrysotile per grid square determined. The total area of
film prepared is used to calculate a dilution factor from the
rubout. (Tvpically, 1 cm2 of membrane filter sample is dis-

. 2 : .
persed in 25 cm” of film.) Knowing the air volume passed



through a given area of filter paper, the concentration of
chrysotile asbestos in the sampled air can be obtained.

In practice, a reasonable statls{ical variation exists
between the number of fibrils found on different grid squares.
The variation exceeds that expected on p;ra statistical
grounds as occasionally clumps of fibrils, resulting from
the incomplete dispersal of a fiber bundie, are seen. How-
ever, greater variation occurs in the volumes seen on dif-
ferent grid squares as one large fibril can contribute 100
times the yolumm of a small one, hence, the need for count-
ing several grid squares. Eight 100y x 100u squares have
proved to be sufficient. The inaccuracies inhe}ent in the
. sample preparation do not warrant additional effort in scan-

ning.

Calibration

The above procedures are calibrated by processing filters
prepared with known amounts of chrysotile. Here both clean
membrane filters and filters previously used to collect ambient
air samples are used. Triple alr jet milled chrysotile is
dispersed in H20 to which Aerosol 0T bas been added. The so-
lution is subjected to ultrasonic energy and diluted so as
to produce a concentration of about | nanogram of chrysotile
per cc. This solution is f{ltered through the membrane filter
until 10 to 50 ngms of chrysotile is collected per cm2 of
filter. The above procedure is then followed as in the case
of collected air samples. Recoveries range, typically, from

-—
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30% to 50X of the added chrysotile and this factor is applied
to the data from the processed samples,

|
Clean Room Procedures

It .has been found that strict adherence to clean room
procedures must be followed. All ;ample processing should
take place in a filtered air environment., The water used
should be filtered through 0.22u membrane filters. B8lank

controls must be run routinely to assure absence of contam-
ination. ' :
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Aznndix 4

Collodion Film Method for the
Determination of Asbestos in Ambient Atmospheres

Collect atmospheric samples on 0.8 micron pore size Millipore filters
for a period of about 24 hours at a rate of 10 liters per minure.

Add the collected air samples to sepaiate 10 m]l Conway cells. These
vide-mouth cells expose the filters to more oxygen plasmas than glass
vials in the low temperature asher (LTA), which leads to efficient ashing
of the sample.

Ash the samples in the LTA until the filters are completely decamposed,
‘leaving a grey to white residue consisting of inorganic materisl. With
our International Plasma LTA, the oxygen flow rate was set at 100 ml per
ainute, with an RF power setting of 200 watts. The required time for
ashing was about 4 to 5 hours.

AMfter completion of the ashing, add 1 ml of 0.25 percent collodion in
‘sayl acetate to the samples contained within the glass-covered Conway
‘cells. Mix by hand by rotating the cells several times, and thefi mix
in a sonic bath for sbout 30 secouds to susperd snd distribute the
fibers in the viscous collodion solutiom.

Prepare a ring of known surface area by fusing a length of 1 mm polyethylene
tubing into a ring. Float this ring on the surface of particle-free dis-
‘tilled water. Drop a 0.10 ml aliquot of the collodion suspension on the
vater surface inside the ring. The suspension will disperse, forming &
uniform collodion film of known area within the ring.

Add three electron microscope grids of known mesh size to a submerged wire
screen and draw the screen up through the cast film. Dry the grids for
about thirty minutes under a 100 watt incandescent bulb before electron

‘Mcroscopic examination.

Tor a 300 mesh grid, count wenty rendom grid holes per grid on each of the
‘three grids at 4000X. Size each fiber directly on the calibrated viewing
‘screen. Calculate the number of fibers per sample using the following formula:

Axo . where

axgx /1t
% = Total number of fibers (per filter)
A = Ares confined by polyéthylene ring
A = Total fibers counted
2 = Area of one grid hole
§ = Number of grid holes counted
f = Aliquot fraction

Axm where m 15 the total mass calcu-
IS

lated by M =
e mass 1s calcula YT

lated from the sized fibers.



Appendix 5

Air and Indu.trial Hygiene Laboratory
California Department of Health
Analysis of Air Saples
EPA Contract No. 68-0c-13L(

TQis attachment bricfly reviews the microscopy data obtained by AIHL as ijart of
EFA Contra-t No. 68-02-1346. Four samples to be analy. ed were receivel a' ATVL
on December 23, 1973 and the remaining six on Mar-h 2, 197L.

Table I lists the light microscepy results. Originally we had intended tco 1 all
ten samples by light microscopy as well as electron microscopy. However, this waco
based on cur expectation that at least one-half of each tilter woult be avallalir
to us. However, we only re:xcived a one-fourth section for each sample. Sin-e
one~eishth of a tilter is required for any one of the three analy: is which were
carried out, the HIOSH methed, the direct clearing electron mizroccopy metiicu, und
the prarlodion film erle:tron microscopy method, it was decided to use some of Lhe
sections for anaiysis by the alternate electron microscopic techniques. Thus
Table I only lists four samples. When one-eighth se-tions are available for the
sumples not 1listed, we will be happy to analyze them by Lhe NIOSH methou.

Table TII 1i..ts the mass data obtained by calculating the mass from the size dis-
tribution measured by electron microscopy. However, the following comments shou
be read before addressing the table.

For samples 003, Ou6, 054, O6L and 110, numerous bundles or aggregates of riber:
bound aid coated with a matrix material were observed, They were obscrved using
both the direct clearing method (DCM) and the parlodion film method (PFM). Thus

we believe these aggregates are not an artifact of the sample preparation. The
matrix materia% binding trese aggregates together withstands ashing in a muffle
furnace at 450 C, and is uot soluble in organic solvent. Since asbestos mass cou.i
not easily be estimated for the fibers contained in these bundles, the mass vialues
given in the table for these samples exclude the asbestos in the bundles and thuc

must be considered minimum estimates of the mass.

In some cases separate measurements were made by two different AIHL micreoscopists.
The differences in the mass values obtained varied from a factor of 2 to 10. 1In
those cases where two separate determinations were made the average values are

presented in the table.

The data in the table were.obtained using the PFM. Oample 038 also was done by

the DCM. The number of fibers and the corresponding mass were lower by the DCM,
Howev~-r, the frequency distribution of fibers vs grid holes showe. less variability
in the iistribution of fibers counted by PFM than by DCM, This is shown in Table
ITT. Th5, it was felt that, at least for this set of samples, the [ibers may have
suffi-ient inhomogeneous distribution over the filters, to cause large errors to
api~c in the use of DCM,
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age 2

In a telephone conversation with you it was agreed that you would send us all the
mgfomation about the filters analyzed by AIHL, i.e. wherc ani when they were
1lected, flow rates, time of collection, and all other pertinent information
1jcluding any inter-laboratory comparisons that were made. This would permit us
P" interpret the results, and if warranted publish, perhaps in ccoperation with
k. Sinai. For all ten samples, we of course have complete size distributions

for both length and diameter, data which may prove invaluable in determining the
purce of the fibers. Thus I look forward to receiving the information from you.



Table I

LIGHT MICROSCOPY RRSULRS (NIOSR METNOD)
Mbers > 5 ;m in length

Sample Yo. Fibors per me’ Pirst is  Second Apelysis
038 8 fibers per m’ 8,600 021,700
ol6 28 fibers per " 30,000 23,900
06k 37 fibers per m® 40,000 8,600

Note: Sample 054 had t00 much non-fibrous
permit fiber cowmting. particulate mxtter present to

Table II
MASS DATA AS OPTAINED FROM ELECTRON MICROSCOPY SIZE DISTRIBUTION

No. First Apglysis ™  Se 1s
003+ k0O
012 2
oes 39
032 No fibers found
038 5,000 Ko fibers foumd
oké ‘ 25,000% < 5700 (2 fibers)
o5k 35,000% No fiters found
06k 900#* No fibers found
110 1,100
19 25
#Bgcaise these samples containsd many bindles or aggregstes copsisting of
- f¢bers bound and costed vith g matrix meterial, estimates of the mass of
‘asbestos in the aggregates were not mads. Thus the mass given here is a
lower limit (of text).
+Becond 1s by direct clsaring msthod. The comparison of results from

i

he two smalyses made on fresh portions of the original samples suggests &
possibility of contamingtion st same point in the procedure quring
ne Tirst snalysis.

o
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TABLE III
COMPARISON BETWEEN PFM AND DCM FREQUENCY DISTRIBUTIONS
FIBERS PER GRIDHOLE FOR SAMPLE #E-073-003-038

Direct Clearing Method Parlodion Film Method
Fibers per Fibers per
Gridhole Frequency _Jridhole  Frequency
0 3 0 19
1 2 1 22
2 3 2 8
3 1 3 3
4 2 4 4
5 1 5 ‘e
16 1 6 1
59 1 7 1
61 1
104 1
Total Fibers 264 86
Fieldc Counted 16 60

Estimated 957 + 99 7 + 29 %

Conf. Intv, for the —_
Total Number of Fibers



